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Description 
[While drilling system and method] 

Cross Reference to Related Applications 

[0001] This application is a continuation-in-part of U.S. Applica- 
tion No. 10/708,893, filed on March 30, 2004, which 
claims priority to US Provisional Application Serial No. 

60/481143 filed on July 25, 2003. 
Federal Research Statement 

[0002] This invention was made with Government support under 
Cooperative Agreement No. DE-FC26-03NT41835 
awarded by the Department of Energy (DOE). The Govern- 
ment has certain rights in this invention. 
Background of Invention 

[0003] Field of the Invention 

[0004] The present invention relates generally to downhole tools 
used in performing wellbore operations. More specifically, 
the present invention relates to techniques for determin- 
ing downhole parameters via a retrievable downhole 



while-drilling tool. 
[0005] Background of the Related Art 

[0006] The harvesting of hydrocarbons from subterranean for- 
mations involves the drilling of wellbores into the earth. 
To create the wellbore, a downhole drilling tool is sus- 
pended from a drilling rig and advanced into the earth via 
a drill string. During the drilling operation, it is desirable 
to obtain information about the downhole conditions. 
Such information is useful, for example, in locating desir- 
able formations, preventing potential problems and im- 
proving the drilling operation. 

[0007] Downhole drilling tools are typically provided with a bot- 
tom hole assembly (BHA) that consists of one or more drill 
collars with various instruments therein. One such instru- 
ment (or combination of instruments) typically positioned 
in the BHA is a measurement while drilling (MWD) or log- 
ging while drilling (LWD) tool (referred to collectively 
herein as while drilling or WD tools). WD tools typically in- 
clude a combination of sensors, telemetry devices, power 
supplies and/or other instruments, for performing various 
downhole functions, such as taking downhole measure- 
ments, compiling information about the drilling operation 
and communicating with the surface. Examples of existing 



MWD tools and systems are described in US Patent Nos. 
5357483 assigned to Halliburton, US Patent No. 5517464 
assigned to the assignee of the present invention and US 
Application No. 20030080743 assigned to Baker Hughes. 
Examples of LWD tools are described in US Patent No. 
4899112, assigned to the assignee of the present inven- 
tion. Some such WD tools are also retrievable and replace- 
able from the downhole drilling tool as described, for ex- 
ample, in U.S. Pat. No. 6577244, assigned to the assignee 
of the present invention. At least some such WD tools may 
be vulnerable to leakage, seal failure about orifices ex- 
tending through the drill collar and/or otherwise lack reli- 
ability or performance capabilities in a variety of wellbore 
environments. 

[0008] Current WD tool and associated instruments (WD systems) 
are typically housed within steel, cylindrical and hollow 
drill collars to protect them from moisture, temperature, 
chemical and/or pressure exposure. However, it is desir- 
able to position certain instruments, such as sensors, in 
such a way that they are capable of taking more precise 
measurements without increasing the potential risk of 
damage and/or exposure to the remainder of the WD sys- 
tem. The risk of leakage and/or damage may increase in 



situations where ports extend through the drill collars and 
into the WD system. It is, therefore, desirable that the 
downhole drilling tool be further capable of one or more 
of the following, among others: retrievability from the 
drilling tool, resetability in the drilling tool, wireless com- 
munication between instruments, isolation of certain 
components from wellbore conditions, retrieval of certain 
components to the surface for replacement, maintenance 
and/or adjustment and/or resistance to leakage. More- 
over, such a system preferably optimizes drilling perfor- 
mance, reduces drilling time and assists in increasing rate 
of penetration and accuracy of well placement in drilling 
environments. 

[0009] it is further desirable that the drilling tool be capable of 
performing in even extremely harsh wellbore conditions. 
The downhole drilling of wellbores, such as oil wells, in- 
volves extreme operating conditions, such as high tem- 
peratures, high pressure and rigorous physical impact. 
Much of the drilling occurs at extreme depths into the 
Eartrfs'surface or deep below the sea bottom. The envi- 
ronment encountered by downhole oil exploration tools 

can be very severe. Temperatures up to and in excess of 

g 

200 degree C and pressures up to 1.38x10 Pa are not 



uncommon. Consequently, producers of oil exploration 
tools seek to design robust tools that can operationally 
sustain harsh conditions for extended lengths of time. 

[0010] Perhaps the most challenging of all conditions is to design 
electronics that can reliably operate in high temperature 
environments. Standard electronic components are usually 
rated to operate only up to approximately 125 degree C. 
Thus, it becomes necessary to create or experimentally 
find electric components that can survive the high tem- 
peratures existing downhole. 

[0011] Various downhole instruments have been developed to 
deal with certain high temperature or high pressure con- 
ditions. For example, there are MWD tools specified to 
150 degrees C that provide real-time inclination and 
gamma ray. There are also MWD tools specified to 175 
degrees C that can operate under certain conditions for 
certain applications. However, no known commercial MWD 
tools that are capable of operating above 175 degrees C 
for extended periods of time offer desirable operational 
features, such as real-time gamma ray, retrievability and 
resetability, as well as vibration detection. 

[0012] Attempts have been made to develop downhole tools with 
desirable capabilities for use in high temperature condi- 



tions. By way of example, one downhole tool has been 
rated at 180 degrees C with survivability to 200 degrees 
C, but lacks continuous inclination and fishability. The re- 
liability of such a tool has not yet been verified as opera- 
tional in wells exceeding 170 degrees C. Another tool is 
rated to 200 degrees C, but it lacks gamma ray, continu- 
ous inclination, annular pressure and fishability, and is 
purported to suffer from poor reliability and low up-hole 
communication rate. In addition the electronics are typi- 
cally discarded once they exceed 175 degrees C, this de- 
spite the use of 225 degrees C silicon-on-insulator (SOI) 
components. 

[0013] Electronic components are considered one of the major 

hurdles to high temperature MWD tools as there are only a 
few 200 degrees C components commercially available. 
Those that are available typically fall into three major cat- 
egories: (1) legacy ceramic components developed mostly 
for the military market that serendipitously work at high 
temperature, (2) multi-chip modules developed (or that 
can be developed) by end users and others using die 
known to work at high temperatures, and (3) a few very 
basic and very expensive silicon-on-insulator (SOI) com- 
ponents developed specifically for the 200 degrees C or 



greater market. 

[0014] Attempts are being made to develop a process capable of 
producing very high temperature digital and mixed ana- 
log/digital devices. While such attempts offer exciting 
prospects for the long term, products remain unavailable 
for commercial processes. Individual components have yet 
to be developed, and pose significant costs. 

[0015] a need also remains for a new retrievable and resetable 
WD tool. The capability for retrievability and repeatability 
provides a significant improvement over existing tech- 
nologies since tools that fail in harsh environments can be 
removed and replaced with a wireline, obviating the need 
for a long and expensive pipe-trip out of the hole and 
back in again. 

[0016] it is desirable that the tool be capable of performing con- 
tinuous inclination, downhole vibration detection, annular 
pressure and gamma ray detection, real time annular and/ 
or internal pressure while drilling, real time continuous 
inclination, real time gamma ray detection, real time vi- 
bration monitoring, high speed operation, high power 
system controller/signal processing, high speed data ac- 
quisition, gamma ray measurement and acquisition, and/ 
or pressure measurement and/or resealing capability for 



pressure acquisition, all for extended periods of time and 
under even high-temperature, high-pressure conditions. 
It is further desirable that such a tool and related compo- 
nents, such as sensors, electronics, packaging, materials 
and pressure housings, be operable in the areas of high 
temperature of at least about 175 degrees C, and prefer- 
ably above at least about 200 degrees C at pressures at 
least about 20 Kpsi (1406.5 kg/cm). 
[0017] a need therefore exists for a WD system with one or more 

of these advanced capabilities. 
Summary of Invention 

[0018] | n a t least one aspect, the present invention relates to a 
while drilling system for determining downhole parame- 
ters. The system is positioned in a downhole drilling tool 
suspended in a wellbore. The system comprises a retriev- 
able while drilling tool, a sensor chassis and at least one 
sensor. The while drilling tool is positionable in the down- 
hole drilling tool and has a first communication coupler at 
an end thereof. The sensor chassis is supported in the 
drilling tool. The sensor chassis has a second communi- 
cation coupler at an end thereof for operative connection 
with the first communication coupler. The sensor is posi- 
tioned in the chassis and is adapted to measure internal 



and/or external parameters of the drilling tool. The sen- 
sor is operatively connected to the while drilling tool via 
the communication coupler for communication therebe- 
tween. 

[0019] | n another aspect, the invention relates to a while drilling 
system for determining downhole parameters. The system 
is positioned in a downhole drilling tool suspended in a 
wellbore. The system comprises a retrievable while drilling 
tool, a landing collar and a flow restrictor. The while 
drilling tool is positionable in the downhole drilling tool 
and has at least one sensor therein. The landing collar is 
positioned in the drill collar. The landing collar has a 
pocket adapted to receive the while drilling tool. The 
landing collar has an orifice therethrough in fluid commu- 
nication with the wellbore via an aperture through the 
downhole drilling tool. The flow restrictor is positioned in 
the pocket. The flow restrictor is adapted to selectively 
permit the flow of fluid into the pocket via the orifice. 

[0020] | n y e t another aspect, the invention relates to a method of 
measuring downhole parameters while drilling. The 
method includes advancing a downhole drilling tool into 
the earth to form a wellbore, the downhole drilling tool 
having a chassis therein with at least one sensor therein, 



seating awhile drilling tool in the downhole drilling tool, 
operatively connecting the while drilling tool to the chas- 
sis for wireless communication between the sensors and 
the while drilling tool and sensing wellbore parameters via 
the at least one sensor. 

[0021] Finally, in another aspect, the invention relates to a 

method of measuring downhole parameters while drilling. 
The method includes advancing a downhole drilling tool 
into the earth to form a wellbore, the downhole drilling 
tool having a landing collar therein, seating a while 
drilling tool in a pocket in the landing collar, the while 
drilling tool having at least one sensor therein, selectively 
establishing fluid communication between the pocket and 
the wellbore via an orifice in one of the downhole tool, the 
landing collar and combinations thereof and sensing well- 
bore parameters in the pocket via the at least one sensor. 

[0022] a while drilling system of a downhole drilling tool sus- 
pended from a drilling rig via a drill string is provided. 
The downhole drilling tool is positioned in a wellbore 
penetrating a subterranean formation. The system in- 
cludes at least one drill collar having a tubular sidewall 
defining a passage therein for the flow of drilling mud 
therethrough, awhile drilling tool supported in the pas- 



sage of the at least one drill collar and selectively retriev- 
able therefrom and at least one external sensor positioned 
in the sidewall of the drill collar and isolated from the 
passage. The at least one sensor is exposed to the well- 
bore for measurement thereof and adapted to wirelessly 
communicate with the while drilling tool. 

[0023] a method of performing while drilling is provided. The 
method involves advancing a downhole drilling tool into 
the earth to form a wellbore, sensing wellbore parameters 
via external sensor(s) positioned in a pocket of the tubular 
sidewall, wirelessly passing signals between the WD tool 
and the external sensor(s) and selectively retrieving the 
WD tool from the downhole d rilling tool. In some embodi- 
ments, the external sensor remains in the drilling tool 
upon retrieval of the WD tool. In other embodiments, the 
external sensor is retrieved with the WD tool. The down- 
hole drilling tool includes at least one drill collar with a 
WD tool therein. The drill collar has a tubular sidewall 
defining a passage therein for the flow of drilling mud 
therethrough. The external sensor(s) are preferably iso- 
lated from the passage. 

[0024] a sensor system for determining downhole parameters is 
also provided. The system is positioned in a downhole 



drilling tool suspended in a wellbore below a drilling rig. 
The system is provided with a retrievable while drilling 
tool and at least one sensor. The while drilling tool is po- 
sitioned in the downhole drilling tool. The drilling tool has 
an internal passage therethrough for the passage of mud. 
The at least one sensor is positioned in a drill collar of the 
downhole drilling tool and isolated from the passage. The 
at least one sensor is adapted to measure wellbore pa- 
rameters. The pressure sensor is adapted to communicate 
with the while drilling tool whereby signals are passed 
therebetween. 

[0025] Preferably systems operate in high temperature, high 

pressure conditions, such as above about 200 degrees C 
and about 20 Kpsi (1406.5 kg/cm). The system may be 
provided with a system controller, a signal processor, a 
data acquisition system and sensors. The sensors may be 
any sensors, such as a downhole vibration detection, D&l 
tool, annular pressure (while drilling), gamma ray and 
continuous inclination. The sensors are adapted to mea- 
sure one of gamma ray, shock, vibration, internal or ex- 
ternal pressure, temperature, sonic speed, arrival time 
and combinations thereof. The sensor may be positioned 
inside the downhole drilling tool and adapted to measure 



one of gamma ray, shock, vibration, pressure, tempera- 
ture and combinations thereof. The system may include a 
while drilling signal assembly in the while drilling tool and 
a sensor signal assembly in the sensor for wirelessly 
passing signals therebetween. The signals may be one of 
command, communication, power and other signals. 
[0026] The signal and sensor assemblies are preferably provided 
with one of legacy ceramics, silicon on insulator, multichip 
modules, field programmable gate array, and combina- 
tions thereof. The system may also be provided with a 
control system including a controller, a processor, a data 
acquisition module, a transmitter, a receiver, and/or a 
communication circuit. The sensors may include a trans- 
mitter, a receiver, a gauge, and/or a power source. The 
power source may be chargeable by the while drilling tool. 
The system may also be provided with a locking mecha- 
nism adapted to orient the while drilling tool in the drill 
collar. 

[0027] The system preferably includes continuous direction and 
inclination capabilities. It is also preferable that the sys- 
tem take continuous measurements in real time and/or 
perform in high temperature and pressure conditions. 

[0028] other aspects and advantages of the invention will be ap- 



parent from the following description and the appended 
claims. 

Brief Description of Drawings 

[0029] so that the above recited features and advantages of the 
present invention can be understood in detail, a more 
particular description of the invention, briefly summarized 
above, may be had by reference to the embodiments 
thereof that are illustrated in the appended drawings. It is 
to be noted, however, that the appended drawings illus- 
trate only typical embodiments of this invention and are 
therefore not to be considered limiting of its scope, for 
the invention may admit to other equally effective embod- 
iments. 

[0030] Figure 1 is a schematic view of a downhole drilling tool 
suspended from a drilling rig and into a wellbore, the 
downhole drilling tool having awhile drilling system 
therein. 

[0031] Figure 2 is a longitudinal crossectional view of the while 

drilling system of Figure 1. 
[0032] Figure 3 is a schematic view of the components of the 

while drilling system of Figure 2. 
[0033] Figure 4 is a detailed view of the internal sensor of Figure 

2. 



[0034] Figure 5 is a detailed view of the external sensor of Figure 
2. 

[0035] Figure 6 is a partial cross-sectional view of an alternate 
embodiment of the while drilling system of Figure 2, de- 
picting a wireless communication system. 

[0036] Figure 7 is a schematic diagram of an alternate embodi- 
ment of the wireless communication system of Figure 6. 

[0037] Figure 8 is a flow diagram of a method of performing 
downhole measurements with a retrievable WD tool. 

[0038] Figure 9 is a longitudinal cross-sectional view of a WD 
system with a non-retrievable sensor subassembly, the 
sensor subassembly having sensors therein. 

[0039] Figure 10A is a partial cross sectional view of a portion of 
the WD system of Figure 9, depicting the sensors in 
greater detail. 

[0040] Figure 10B is an alternate view of the portion of the WD 
system of Figure 10A rotated 90 degrees. 

[0041] Figure 11 is a longitudinal cross-sectional view of a sen- 
sor subassembly having an annular chassis. 

[0042] Figure 12 is a longitudinal cross-sectional view of a WD 
system with a retrievable WD tool positioned in a landing 
collar. 

[0043] Figure 13 is a lateral cross-sectional view of the WD sys- 



tern of Figure 12 taken along line 13-13. 
Detailed Description 

[0044] FIG. 1 is a schematic diagram of a drilling rig 10 and a 

drill string 12. The drilling rig is mounted on the rig floor 
15 and is connected to and supports the drill string 
through an intricate system of cables and pulleys (not 
shown). The drill string is suspended from the rig 10 and 
into a wellbore 17 penetrating a formation F. The drill 
string includes drill pipes 16 (three are shown in Figure 1), 
a bottom hole assembly (BHA) 9 and a drill bit 5 at a lower 
end thereof. Typically, only a portion of the weight of the 
drill string is supported at any one time by the formation. 
The rest is typically kept in suspension by the drilling rig, 
the cables and pulleys and other supporting components. 
Drilling of the wellbore commences when the bit is made 
to turn by various means, either by turning the rig floor 
rotary table (not shown), or by a drilling motor (not 
shown) connected between the drill bit and the rest of the 
drill string. 

[0045] During the drilling operation a special fluid colloquially 
called "mud" 3 is pumped from a pit via a pipe 2, through 
the drill string 12, the BHA 9 and out the drill bit 5. The 
fluid flows out of the drill bit and is forced up the wellbore 



through a space, or annulus 7, in the wellbore between 
the tool and the wellbore wall and back through pipe 4 as 
shown by the arrows. The flow of drilling fluid through the 
tool is used to provide power and enable communication 
via mud pulse telemetry systems as will be appreciated by 
one of skill in the art. The use of such downhole drilling 
tools is described for example in US Patent Nos. 5357483, 
assigned to Halliburton and US Patent No. 5517464 as- 
signed to the assignee of the present invention. Preferably 
the telemetry system used is compatible with existing 
surface demodulation equipment. It is also preferable that 
the real-time drilling coupled with an intelligent wellsite 
decision-making system be provided. 
[0046] The BHA 9 of Figure 1 includes drill collars 18 (one or 
more may be used) containing downhole instruments 
therein used to perform a variety of downhole operations. 
One group of such instruments is referred to generally as 
a while drilling or WD system 19. The WD system includes 
a WD tool 14, such as a logging while drilling (LWD), mea- 
surement while drilling (MWD) or other while drilling tool, 
and associated sensors (Fig. 2). The WD tool 14 is used to 
perform downhole while drilling functions, such as taking 
downhole measurements, communicating with the sur- 



face, among others. The WD tool 14 communicates with 
the sensors to perform downhole measurements. The WD 
tool may be used, for example, to determine direction, in- 
clination, gamma ray, pressure, shock, vibration, sonic 
speed, seismic arrival time and/or other naturally occur- 
ring or man made phenomena. Associated processors and 
computers may also be incorporated to process additional 
information. 

[0047] Preferably, the sensors are rated for high temperature and 
pressure and can generate measurements in real-time 
and/or recorded mode. Various sensors, such as Long-life 
Gamma Ray (GR), may be used. Some such sensors oper- 
ate for a shorter period of time at 200 degrees C. Such 
sensors are preferably modified to provide measurements 
in this high temperature application. Sensors to detect 
pressure at high temperatures may also be used. It is de- 
sirable that such sensors meet accuracy and survivability 
requirements for the 200 degrees C (at least) drilling en- 
vironment. 

[0048] The WD tool 14 may be inserted into the BHA prior to 

connecting the drill collar 18 to the other drill collars, the 
pipe, the drill bit and the drilling motor when present. Al- 
ternatively, the WD tool may be lowered with a cable con- 



nected to a mechanical connector, sometimes called a 
wireline connector (not shown). The WD tool is lowered 
through the drill string 16 to the drill collar 18 after the 
collar is placed in the wellbore. The WD system can be re- 
moved and another WD system can be set in its place via a 
cable after the drill collar has been lowered into the well- 
bore. Retrieval systems for WD tools are described, for 
example, in US Patent No. 6577244 assigned to the as- 
signee of the present invention, the entire contents of 
which is hereby incorporated by reference. Techniques for 
accommodating the tool's fishability and resetability re- 
quirements at high temperature and high pressure are 
provided. 

[0049] Figure 2 illustrates a WD system usable as the WD system 
19 of Figure 1. This WD system includes the drill collar 18, 
the WD tool 14, internal sensor 20 and external sensor 
21. The WD Tool in this example acquires information 
from several sources, such as the internal sensor 20 and 
the external sensor 21. Conventional WD tools may be 
used in the WD system as will be appreciated by one of 
skill in the art. Examples of WD tools are described, for 
example, in US Patent No. 5677244, assigned to the as- 
signee of the present invention, the entire contents of 



which is hereby incorporated by reference. 

[0050] The sensors are used to take downhole measurements, 
such as pressure. The sensor may be any type of sensor, 
such as a strain gauge. These sensors gather information 
and communicate the information to the WD tool. In the 
case of the internal pressure measurement, pressure 
communicates through the passage 23 extending through 
the drill collar and to the internal sensor 20 embedded in 
the WD tool. The internal sensor 20 is exposed to the 
pressure of the drilling mud passing through a passage 
23 between the tool and the drill collar. 

[0051] | n the case of external pressure measurement, pressure 
communicates through an orifice 26 extending through 
the side of the drill collar 18 and sleeve 24, and to the ex- 
ternal sensor 21 embedded in the WD tool. The external 
sensor is positioned in the tool adjacent sleeve 24 be- 
tween the WD tool and the drill collar. The external sensor 
is exposed to wellbore fluids and pressures exterior to the 
drill collar via the orifice 26. Pressure seals 28, in the form 
of O-rings in this example, are preferably provided to 
keep the external pressure from communicating with the 
internal pressure. 

[0052] T ne vvd tool is preferably provided with a locking mecha- 



nism 22 adapted to secure the Tool in place within a drill 
collar. The locking mechanism is preferably a mechanical 
interface between the drill collar 18 and the WD tool 14. 
The locking mechanism includes a keyway 27, or recess, 
in the WD tool and a corresponding key 25 positioned on 
the WD tool. The key and the receiver operatively connect 
to seat and secure the Tool in the drill collar. The key is 
also used to align the WD tool within the drill collar and 
orient the WD system thereto. The sensor 21 is preferably 
connected to the drill collar 18 opposite key 25. Other 
embodiments of this invention could incorporate the sen- 
sor within the key, or there could be multiple locations or 
multiple sensors, located in other locations within the 
tool/drill collar assembly. 
[0053] The locking mechanism may be activated when the Tool is 
inserted into or removed from the drill collar at the sur- 
face. Alternatively, the locking mechanism may be acti- 
vated when the WD tool is inserted into or removed from 
the drill collar when downhole. This tool may be removed 
with the use of a wire line cable and attachment device 
and replaced by another tool using that same wire line 
and attachment device. Existing locking mechanisms are 
commercially available for insertion, removal and reseat- 



ing of existing direction & inclination (D&l) tools. Such 
locking mechanism may be adapted for use in high tem- 
perature and/or high pressure environments. This tool is 
preferably capable of making this mechanical connection 
at high temperatures and high pressures. 

[0054] Figure 2 also depicts various other components that may 
be provided integrally with or in conjunction with the WD 
system 19 and/or WD tool 14. For example, the WD tool is 
depicted as having a power source, such as batteries 30 
and/or electrical power generation 32. The batteries may 
be specially designed, or off the shelf batteries. A genera- 
tor, such as a commercially available generator that uses 
mudflow to produce electricity may be used. Preferably, 
any power source used is rated for high temperature and 
pressure. For example, the system may operate using a 
high temperature power supply. 

[0055] The WD tool is also provided with a system controller 

and/or signal processor 34 and data acquisition system 
36. The data acquisition system preferably includes sen- 
sors, such as a direction & inclination sensor, a gamma 
ray sensor, a vibration sensor and a temperature sensor. 
Other sensors may also be provided. 

[0056] uphole and downhole communications connector 38 and 



40, respectively, are also preferably provided. A wireline 
connector 42 and uphole telemetry 44 can also be used to 
assist with retrieval of the WD tool and/or establishing 
communication with the surface. These and other down- 
hole instruments may also be provided to perform a vari- 
ety of power, communication, processing and other oper- 
ations. Preferably, components for the downhole tool are 
rated for high temperature, shock and pressure usage. 
[0057] Figure 3 is a schematic diagram depicting the operation of 
the WD system. The WD system preferably includes a sys- 
tem controller and a signal processor 35, a data acquisi- 
tion system 41, an up-hole communications connector 
33, a downhole communications connector 37, mud pulse 
telemetry and electrical power generation 31 and various 
sensors (39, 45, 41, 49). These components may be inte- 
gral with the WD tool or operatively connected thereto. 
Some such components form part of other instruments 
positioned in various other portions of the downhole tool. 
As depicted in Figure 3, the sensors include a gamma ray 
sensor 45, a D&l sensor 49, annular and internal pressure 
sensor 47, a temperature sensor, and a downhole vibra- 
tion and temperature detector 39. However, other instru- 
ments are also envisioned. 



[0058] As depicted, the sensors gather and send data to the data 
acquisition system 41. The data acquisition system com- 
municates with the system controller and signal proces- 
sor. The system controller may send commands to the 
data acquisition system to activate the sensors and collect 
information. The signal processor collects and compiles 
information received from the data acquisition system. 
The information may then be sent to the surface and/or 
the rest of the tool via the uphole and downhole commu- 
nications connectors. Other components may be posi- 
tioned in or around the WD system that may also be oper- 
ated. The telemetry system and electrical power genera- 
tion may be used to provide communication and power to 
the system controller and on to the sensors and/or con- 
nectors, as well as the other components. 

[0059] For added reliability at high temperatures, it is preferable 
that all systems electronics, such as those used with the 
system controller and signal processor among others, be 
comprised primarily of hermetically sealed multi-chip 
modules (MCMs). MCMs will also serve to eliminate or at 
least minimize interconnections between integrated cir- 
cuits and circuit boards, an inherent weakness in high 
temperature applications. Because very high temperatures 



tend to radically reduce the lifetime of electronic sub- 
assemblies, the preferred embodiment of this invention 
will allow for the replacement of circuit boards and other 
subassemblies while enabling the reuse of expensive 
MCMs and other components. 
[0060] jo increase reliability and resistance to environmental 

conditions, the electronic components within the housing 
are preferably reinforced with additional protections. Such 
electronics may be provided with, for example, legacy ce- 
ramic components developed mostly for the military mar- 
ket that serendipitously work at high temperature, multi- 
chip modules developed (or that can be developed) by end 
users and others using die known to work at high temper- 
atures and/or silicon-on-insulator (SOI) components. 
Such reinforced components are commercially available. 
Additional techniques that may be used to reinforce com- 
ponents include Field Programmable Gate Array (FPGA) 
and mixed analog/digital devices, long life Gamma Ray GR 
sensors, high temperature power supplies, telemetry sys- 
tems compatible with existing systems, high-speed signal 
processing, sensors to detect high temperatures and real 
time drilling systems. Other components of the system, 
such as sensors, electronics, packaging, materials and 



pressure housings are also preferably rated for high tem- 
perature and high pressure conditions. 

[0061] High temperature electronic components are also pro- 
vided to generate the reliable operation of this tool. Exist- 
ing SOI components are used whenever reliable alterna- 
tives are not available. In addition, existing Field Pro- 
grammable Gate Array and mixed signal processes may be 
used in conjunction with the proposed tool. These pro- 
cesses are, particularly adapted for high-speed data ac- 
quisition and signal processing. 

[0062] The operation of the tool and its components is preferably 
verified. Specifications for the performance environment 
or mission profile for this tool may be set for maximum 
temperature and pressure at an initial interim temperature 
and pressure (for example about 400 degrees F (204.44 
degrees C) and about 20 Kpsi (1406.5 kg/cm). Candidate 
electronic components, subsystems and mechanical as- 
semblies where capable of performing at temperature to 
ensure operation within established specifications are 
used. Operation of the system may be verified by thermal 
analysis using thermal imaging cameras and/or com- 
puter-aided thermal modeling thereby verifying proper 
heat flow and/or sufficient heat dissipation. Virtual quali- 



fication, a CAD methodology for assessing and improving 
the survivability of electronic assemblies through the use 
of validated failure models may also be implemented. 

[0063] Test jigs and test housings may be used to verify and 

qualify high pressure performance of the mechanical and 
electronic assemblies in high temperature, high pressure 
test chambers. Exhaustive environmental testing and 
qualification may be used to determine the maximum 
temperature limitations of existing and candidate elec- 
tronics and mechanical components 

[0064] Once candidate electronic components and mechanical 

assemblies pass initial testing, environmental qualification 
may also be performed to verify the desired performance. 
Environmental qualifications preferably consist of temper- 
ature and shock qualification testing according to a mis- 
sion profile. Failures may be analyzed and failure reports 
generated. Verification of components may include identi- 
fication, testing and qualification of all control, communi- 
cations, power and other central or system electronics, 
sensors, housings, power sources, etc. 

[0065] Figure 4 is an enlarged illustration of a portion of the WD 
system 19 of Figure 2 depicting the internal sensor in 
greater detail. This figure illustrates how the internal 



pressure, or pressure inside the drill collar, is measured. 
The internal sensor 20 is positioned in the WD tool 14. An 
orifice 43 extends from the internal sensor 20 to the pas- 
sage 23 for fluid communication therebetween. The sen- 
sor 20 is provided with a pressure gauge exposed to the 
passage and the internal pressure (P ( ) contained therein 
via the orifice. 

[0066] Figure 5 is an enlarged illustration of a portion of the WD 
system 19 of Figure 2 depicting the external sensor in 
greater detail. This figure illustrates how the external 
pressure or annulus pressure outside the drill collar 18 is 
measured. The external sensor 21 is positioned inside the 
WD tool 14 adjacent sleeve 24. An orifice 26 extends 
through the drill collar 18 and sleeve 24, and adjacent 
sensor 21. A seal or seals 28 is positioned between the 
sleeve 24 and the WD tool 24 to isolate the orifice and 
sensor from the passage 23 in the drill collar. The orifice 
and seal permit fluid communication between the sensor 
and the exterior of the drill collar. The exterior pressure (P 
) outside the drill collar is communicated via the orifice, 

E 

through the drill collar and sleeve and to the external sen- 
sor 21. The external pressure sensor 21 contains a pres- 
sure gauge exposed to the pressure in the wellbore. 



[0067] a pressure seal 28 prevents the external pressure from 
communicating inside the drill collar. The seal is used to 
prevent drilling mud from communicating through the 
orifice 26 and allowing the mud to flow into the tool. 
Should mud enter the tool through this orifice, the pres- 
sure measurement for one or both sensors may be com- 
promised. In addition, drilling mud that communicates 
through the orifice and into the formation poses the risk 
of damaging the drill collar through erosion and the for- 
mation through mud invasion. 

[0068] Figure 6 depicts an alternate embodiment of the WD sys- 
tem 19b with wireless communication. In this embodi- 
ment, the external sensor 21b is a pressure sensor em- 
bedded in the drill collar 18 and isolated from passage 
23. Because the sensor is embedded in the wall of the drill 
collar and exposed to the wellbore, the orifice 26 and re- 
lated seals 28 may be eliminated. The sensor is provided 
with a gauge 63, in this case a pressure gauge, to mea- 
sure annular pressure. The sensor may also contain other 
gauges or sensors to perform various other measure- 
ments. 

[0069] The sensor 2 lb is preferably a wireless sensor adapted to 
communicate via a wireless link 46 with the WD tool 14. 



The WD tool 14 is provided with a wireless or non-contact 
communication system 48 to excite the external sensor to 
make the pressure measurement and transmit the mea- 
surement to the tool. The communication system 48 in- 
cludes control circuitry 52, a WD transmitter 54 and a WD 
receiver 56 adapted to control and communicate with the 
external sensor 21b. The WD tool sends a signal via WD 
transmitter 56 to the pressure sensor. The pressure sen- 
sor includes a sensor transmitter 58 and sensor receiver 
60 to communicate with the WD tool. The pressure sensor 
receives commands from the WD tool via the sensor re- 
ceiver 60, and transmits sensor readings to the WD re- 
ceiver 56 via the sensor transmitter 58. 
[0070] Preferably, electromagnetic signals are wirelessly passed 
between the sensor and the WD tool. An electromagnetic 
field is generated at the WD transmitter, which is received 
at the sensor receiver. The sensor then generates a signal 
sending information to the WD receiver. Other wireless 
communication systems could be used to convey the sig- 
nals between the WD tool and the sensors, such as mag- 
netic fields, sonic or ultrasonic pressure waves, visible, in- 
frared or ultraviolet light, among others, and/or combina- 
tions of such techniques. 



[0071] As shown in Figure 7, the WD tool can be adapted to send 
power and/or communication signals to the sensor. This 
is accomplished by providing a circuit 62 in the pressure 
sensor that captures and stores some part or all of the 
energy transmitted by the WD tool. This energy may then 
be used to make a measurement and transmit the mea- 
surement back to the tool. In some embodiments of the 
invention, the circuitry 62 may be an energy storage de- 
vice, such as a capacitor or battery. Alternatively, the cir- 
cuitry could provide the means to power the sensor from 
some external source, such as a generator, an alternator, 
or one or more external batteries (not shown). The trans- 
mitter and receiver can be separate or an integrated 
transceiver adapted to transmit and receive signals. 

[0072] Figure 8 depicts a method 78 of performing downhole 
measurements using a retrievable WD tool, such as the 
WD tool depicted in Figures 1 and 2. In operation, the 
drilling tool is advanced into the wellbore 80. The WD tool 
is positioned in the drilling tool 82. The WD tool may ei- 
ther be positioned in the BHA as the drilling tool is placed 
in the wellbore, or lowered into the drilling tool via a wire- 
line. A signal is sent from the surface to the WD system to 
perform the desired operations. The signal may be sent 



from the surface via mud pulse telemetry to a controller in 
the WD system. The signal may be a command, calibration 
and/or power signal to activate the WD system 84. The 
signal may then be passed from the controller on to the 
sensors to take a measurement 86. 

[0073] Once the measurement is taken, the sensor sends the 

data back to the controller and on to the surface 88. The 
WD tool may be retrieved from the drilling tool 90. The 
WD tool may be retrieved separately from the drilling tool, 
or the entire drilling tool may be removed from the well- 
bore with the WD tool. The same or a different WD tool 
may be sent back down into the wellbore for further mea- 
surements. This may be done by inserting WD tool back 
down to the drilling tool and seating it therein, or by 
sending down an entire drilling tool with WD tool therein. 

[0074] Preferably, the sensor lies dormant until a measurement is 
needed. When the WD tool wishes to acquire a sensor sig- 
nal, it generates and transmits energy to the sensor. The 
sensor receives this energy and charges the circuitry. 
When the sensor has received a command and sufficient 
energy to become active, it takes the desired measure- 
ment. The sensor acquires the sensor data and sends this 
measurement back to the controller. Command and power 



signals may be passed onto other instruments in the 
downhole tool. 

[0075] Embodiments of this invention may require only a portion 
of the energy sent from the tool to initiate a measure- 
ment. The balance of the energy necessary to make and 
respond with a measurement could come from external 
power sources as described above. Other embodiments of 
this invention could require the tool to send a command 
to the sensor and all power necessary to make the mea- 
surement and send it back to the tool could come from 
energy storage and/or generation means in the drill col- 
lar. 

[0076] Referring now to Figure 9, a WD system 19a usable, for 
example, in the downhole drilling tool of Figure 1 is de- 
picted. This WD system includes a WD subassembly 100 
positioned in a first drill collar 18 and a sensor subassem- 
bly 102 positioned in an adjacent drill collar 18'. The WD 
subassembly is operatively connected to the sensor sub- 
assembly for communication therewith. The sensor sub- 
assembly is adapted to take measurements and convey 
the information to the WD subassembly for transmission 
to the surface. 

[0077] The WD subassembly 100 includes a WD tool 101, a re- 



trieval connector 104 and a WD coupler 106. The WD sub- 
assembly is preferably retrievable from the drill collar 18 
while the downhole tool is in the wellbore using known 
retrieval mechanisms, such as a cable 108 that releasably 
connects to retrieval connector 104. The WD tool may be 
any WD tool such as those described previously herein. 
The WD subassembly is provided with a WD coupler 106 
for operative connection of the WD subassembly to the 
adjacent sensor subassembly 102. The WD coupler is 
preferably an induction coupler to establish an electrical 
link between the WD subassembly and sensor subassem- 
bly. This electrical link permits the passing of communi- 
cation and power signals between the respective sub- 
assemblies. Other WD systems, such as telemetry, power 
and processing systems (not shown), are also preferably 
provided in the WD subassembly. 
[0078] The sensor subassembly 102 of Figure 9 is positioned in 
drill collar 18' and is preferably non-retrievable there- 
from. The sensor subassembly includes a sensor coupler 
109, a loading device 110, a chassis 112, an internal 
pressure sensor 116, an external pressure sensor 114 and 
an end cap 118. The chassis 112 is preferably a mandrel 
type, hollow metal housing extending through the drill 



collar 18'. Loading device 110 is positioned between the 
chassis and the drill collar to support the chassis in a de- 
sired position within the drill collar. Optionally, the load- 
ing device may be integral with or separate from the drill 
collar. A passage 123 extends through the drill collar 18' 
(and the loading device 110) between the chassis and the 
drill collar for the passage of mud therethrough. This pas- 
sage 123 contains an internal pressure (P ). 
[0079] The chassis has a cavity 120 therein for receiving electri- 
cal components 122, such as batteries, sensors, wiring or 
other electronic devices. The electrical components are 
preferably housed inside the chassis away from drill mud 
flowing through the passage. The internal sensor 116 and 
the external sensor 114 are also preferably positioned in 
the chassis. Internal orifices 124 are provided to expose 
the internal pressure sensor to the pressure in the pas- 
sage 123. An external orifice 126 is also provided through 
the drill collar 18' and the chassis 112 to expose the ex- 
ternal sensor 114 to the wellbore pressure. Seals 129 iso- 
late the orifice from the passage 123. The sensors and as- 
sociated orifices are shown in greater detail in Figures 
10A and 10B. These figures show the wire channels 131 
connecting the sensors 114, 116. These wire channels 



permit the passage of communication and power signals 
between the sensors. While the orifices are depicted with a 
certain number and angle, any angle or number of orifices 
may be used. 

[0080] Referring back to Figure 9, the chassis is provided with a 
sleeve portion 128 at an opposite end from the loading 
device 110. This sleeve portion is adapted to assist in po- 
sitioning the chassis within the downhole tool. The sleeve 
portion rests against a raised shoulder portion 130 of the 
drill collar. An end cap 118 is provided at an end of the 
chassis opposite the coupler for access to the inside of 
the chassis. The chassis may be an integral unit, or have 
separate chassis units connected to form the chassis. 

[0081] The sensor coupler 108 is positioned at an end of the 

chassis adjacent the WD subassembly. The sensor coupler 
108 is adapted to connect with the WD coupler 106. As 
depicted, the WD coupler 106 is a male coupler adapted 
for insertion in the female sensor coupler 108. Other con- 
nections are envisioned such that proper electrical con- 
nection is provided between the respective subassemblies. 
For example, the WD coupler may be female and the sen- 
sor coupler male. Alternative types of mated connectors 
may also be used. 



[0082] The electrical link between the WD and sensor couplers 
enables power and communication signals to pass be- 
tween the WD subassembly and the sensor subassembly. 
Preferably, the respective couplers are mated or close to- 
gether to effect proper operability. Preferably, the connec- 
tion is also an inductive connection. However, any cou- 
plers or electrical link may be used so long as the trans- 
mission of signals may pass therebetween. This enables 
the WD Tool to send commands to the sensor subassem- 
bly to take sensor measurements and allows the sensor 
subassembly to communicate the data collected back to 
the WD Tool. Additionally, the WD subassembly can pass 
power to the sensor subassembly to perform operations 
and/or store energy. The sensor subassembly may be 
provided with batteries and/or charged by the energy 
from the WD subassembly. 

[0083] Another configuration of the WD system 19b is depicted 
in Figure 11. This configuration can use the same WD 
subassembly 100 of Figure 9 operatively connected to a 
sensor subassembly 102a housed in a drill collar 18". The 
sensor subassembly 102a includes an annular chassis 
1 12a with flow diverters 132 at each end thereof to enable 
passage of fluid therethrough. In this embodiment, the 



electronics (122a) and sensors (114a, 116a) are housed in 
a cavity 120a between the chassis and the drill collar. 
[0084] The WD system may be provided with one or more flow 
diverters 132. The flow diverters 132 are preferably in- 
ductive couplers adapted to receive the mated inductive 
coupler 106 of the WD subassembly for passing signals 
therebetween. 

[0085] The sensors depicted in Figures 9-11 are preferably pres- 
sure sensors adapted to measure downhole pressures. 
However, it will be appreciated by one of skill in the art 
that any sensor, such as a strain gauge, could be used. It 
will also be appreciated that any number, configuration or 
combination of internal and/or external sensors could be 
used. Additionally, more than one induction link could 
also be used. The sensor and WD subassemblies and their 
respective components may be rearranged and/or reposi- 
tioned in one or more drill collars. For example, the in- 
duction link and associated couplers could be located on 
the uphole or downhole end of the chassis, the sensor 
chassis and the electronics may be inserted into the WD 
collar or into a separate sub above or below the WD tool, 
and the sensor chassis may be located at the above or be- 
low the WD tool. 



[0086] Figure 12 depicts an alternate WD system 19c including a 
retrievable, combined WD and sensor system 200 housed 
in a drill collar 18'". The WD and sensor system 200 in- 
cludes a WD tool 202, a landing collar 203, a flow restric- 
tor 205 and a sensor 207. The WD tool is positioned in 
the drill collar and supported in the landing collar. A pas- 
sage 223 extends through the drill collar and the landing 
collar to permit the flow of fluid therethrough. The land- 
ing collar is preferably a hollow cylinder having a plurality 
of channels 221 for the flow of fluid therethrough. A cross 
section of the landing collar taken along line 13-13 of 
Figure 12 is shown in Figure 13. The landing collar rests 
against a shoulder 230 in the drill collar. 

[0087] -rh e landing collar is provided with a pocket 241 in an end 
thereof. The pocket 241 is adapted to receive the WD Tool 
202. A landing orifice 243 extends from the pocket and 
through the landing collar. A drill collar orifice 245 ex- 
tends through the drill collar and adjacent the landing ori- 
fice 243 for fluid communication therebetween. Seals 247 
are positioned between the landing collar and the drill 
collar and seals 249 are positioned between the flow re- 
strictor and the landing collar to isolate the orifice from 
the passage 223. The seals 249 about the WD tool may 



also assist in seating the WD tool within the pocket. 

[0088] The flow restrictor may be a valve or other restrictor 

adapted to selectively permit fluid flow therethrough. The 
flow restrictor may be a valve, choke, orifice or other re- 
strictor capable of creating a pressure change. Fluid se- 
lectively passes from the wellbore, through the orifices, 
past the flow restrictor and into the pocket 241. 

[0089] when the WD tool is seated in the pocket 241, the restric- 
tor is open to expose the pocket to pressure from the 
wellbore. The sensor measures the pressure in the pocket 
and, therefore, the wellbore. When the WD tool is un- 
seated, or removed from the pocket, the restrictor is 
closed to prevent the flow of fluid from the wellbore into 
the passage. The pressure sensor is then exposed to the 
pressure in the passage 223 and, therefore, measures the 
internal pressure. 

[0090] | n some cases, the restrictor may be a choke. In such a 

case, when the WD tool is unseated from the pocket, there 
will be flow through the choke and, therefore, a pressure 
drop across the choke. The pressure in the passage is the 
internal pressure measured by the sensor. When the WD 
tool is seated in the pocket, fluid is prevented from flow- 
ing from the wellbore into the pocket and the pressure 



measured by the sensor is the external pressure (P ). 

[0091] The WD tool and pressure sensor are preferably retriev- 
able from the downhole tool via a connection and cable 
system. In this embodiment, both the WD tool and the one 
or more pressure sensors housed therein are retrievable 
to the surface. The WD tool and/or sensors may then be 
sent back downhole and reseated as desired. 

[0092] | t w j|| De understood from the foregoing description that 
various modifications and changes may be made in the 
preferred and alternative embodiments of the present in- 
vention without departing from its true spirit. For exam- 
ple, while the sensor is described in at least some aspects 
as being a pressure sensor, it will be appreciated that any 
type of sensor may be used, such as temperature, density, 
flow rate, etc. 

[0093] This description is intended for purposes of illustration 

only and should not be construed in a limiting sense. The 
scope of this invention should be determined only by the 
language of the claims that follow. The term "comprising" 
within the claims is intended to mean "including at least"s 
uch that the recited listing of elements in a claim are an 
open group. "A," "an" and other singular terms are in- 
tended to include the plural forms thereof unless specifi- 



cally excluded. 



